This study reports on the successful use of fentanyl citrate and fluanisone ('Hypnorm') anaesthesia for intracranial surgery in neonatal (7-day-oldlrats. Provided the anaesthetic was administered subcutaneously, the animals showed a very high survival rate in the short term (81/85, 95%) and showed no ill effects in the long term. The depth of anaesthesia was sufficient to allow the operation to be carried out without the animal reacting to any painful stimuli. However, the animals did make random movements during the period of surgical anaesthesia which were not related to any painful stimuli. Although these movements did not interfere with the surgery performed here, such movements would interfere with operations requiring greater precision, such as the localized micro-injection of neural tracers.
One of the research programmes at our institute aims at understanding the role of motor cortical input in guiding the development of the spinal cord circuitry involved in movement. Some of these studies require neurosurgical procedures to be carried out in neonatal rats. Although inhalation anaesthetics such as methoxyfluorane or halothane are very effective in inducing anaesthesia in rat pups (Schwartz et a1. 1992 , Kruse & de Groat 1994 , Fallah & Clowry 1999 they were considered unsuitable, as placing the pups' nose in a face mask would restrict access to the surgical site. In addition, effective removal of waste anaesthetic gases, to reduce exposure of the operator, is also difficult when delivering inhalational agents to such small animals. Hypothermia
Correspondence to: Dr G. J. Clowry, Sir lames Spence Institute for Child Health, Royal Victoria Infirmary, Newcastle upon Tyne NEl 4Lp, UK is another frequently used technique for inducing anaesthesia in rat pups. Although this effectively immobilizes rat pups and is believed to provide analgesia (Budnick et a1. 1981 , Danneman & Mandrell 1997 ,its use has been questioned on the grounds that the cooling and re-warming process could in itself be painful (Adams et a1. 1994 , Miller et a1. 1994 ,Danneman & Mandrell 1997 .The neuroleptanalgesic combination of fentanyl and droperidol ('Innovar Vet') has been shown to provide anaesthesia in rat pups (Park et a1. 1992) ,although a more recent report suggested that this combination was ineffective and unsafe (Danneman & Mandrell 1997) .A similar neuroleptanalgesic mixture (fentanyl/fluanisone, 'Hypnorm', Janssen) has been widely used in adult rodents in Europe, and this drug combination was selected for the present study. An advantage of this regimen is that at the conclusion of surgery, the depressant effects of the fentanyl can be reversed by administration of a mixed agonist/antagonist opioid lFlecknell et al. 19891. 
Methods and materials
Animals Seven-day-old (birth taken as day 0) Wistar rat pups were obtained from our barrier maintained breeding colony or from pregnant female rats, purchased from Charles River, UK, which had given birth in our unit. Animals were free from recognized disease agentsi including Sendai virus and other respiratory pathogens. Pregnant female rats were housed in NKP RB3 cages. Room temperature was controlled at 20± 2°C and a 9 h: 15h light-dark cycle maintained, (room lighting automatically switched on at 08:00 h and off at 17:00h). Animals received a commercial pelleted diet lR and M No.3, SDS Ltd, Essex, England) and water ad libitum. Sawdust ('Gold Chip', BS and S Ltd, Edinburgh, UKIwas used as bedding, but dust-free shavings were also provided for nestbuilding. After parturition, mother rats and their litters were maintained under conventional (non-barrieredl conditions. Following surgery and recovery rats and their litters were kept in a warm (24°q room and given food and water ad libitum until weaning. The rat pups were allowed to survive for one, two, three or ten weeks following surgery and results of these experiments are reported elsewhere (Clowry et al. 1997 , Gibson &. Clowry 1998 . All of the work was conducted under the authority of a project licence issued by the UK Home Office under the Animals (Scientific Procedures) Act, 1986.
Surgery and anaesthesia
Surgery was performed under aseptic conditions. In an initial trial, fentanyl/fluanisone (0.0I-O.02ml of 'Hypnorm' solution (Janssen) was administered by intraperitoneal (i.p.) injection (n=2) and both animals died. Subsequent animals all received fentanyl/fluanisone (0.0I-O.02ml of 'Hypnorm' solution (Janssen, 0.315 mg/ml fentanyl, 10mg/ml 261 fluanisone) subcutaneously (s.c.l beneath the loose skin at the scruff of the neck. The rats ranged in weight between 13g and 20g, therefore this dose approximated to 300llg/kg body weight of fentanyl citrate and 10mg/kg fluanisone. The pups were kept warm with a heated underblanket (Harvard Instruments) and oxygen was blown over their noses. The scalp was cut and retracted. A size 15 scalpel blade was inserted under the os frontale at its junction (the bregma line) with the os parietale. The bone was cut through to form a flap of bone hinged about the midline that was lifted up to reveal the frontal cortex from the midline to about 5 mm laterally. In sham experiments (n = 18)the bone was replaced at this point. In ablation experiments (n =67) the overlying dura mater was stripped. Cortex between approximately 1 and 2 mm lateral to the midline, and between the bregma line and a point 2-3 mm rostrally, was removed by aspiration through a pipette. Once haemorrhage had been controlled successfully the flap of bone was replaced and the scalp sutured using 5/0 braided silk sterile sutures /'Mersilk', Ethicon, Edinburgh, UKI. Nalbuphine (1mg/kg, Nubain, DuPont) was then administered i.p. The rat pups were kept warm in an incubator lat 30-35°q for2-4 h until they had fully recovered and then they were returned to their mother.
Results
In all, 67 ablations and 18 sham operations were performed. Of these, two animals died during surgery and two animals died during the recovery period. All the animals that died had had their motor cortex removed by aspiration. All animals that recovered thrived for the rest of the experiment. They grew at the same rate as unoperated littermates, and animals that received a further surgical intervention (injection of retrograde tracer to muscle, n= 14) responded as expected to halothane. The results are fully described in Table 1 .
In all animals, surgical anaesthesia was induced within 5-10 min. This was tested by pinching the toes of the hindlimb and looking for a withdrawal reflex. When no reflex was produced then it was considered appropriate to begin surgery. The failure to cause any movement by cutting the scalp was taken as further indication that anaesthesia was complete. Throughout surgery, the animals were prone to make spontaneous movements; sometimes quite large and sudden movements occurred. Repeated assessment of the toe pinch reflex confirmed these movements were spontaneous and not the direct result of any painful stimulus. In all cases, a surgical plane of anaesthesia was maintained throughout the operative procedure/ which took 10-15 min, including suturing the scalp. Following administration of nalbuphine, the breathing rate of animals usually increased and breaths became deeper, however, the animals retained a degree of muscle rigidity for an hour or so afterwards.
Discussion
We conclude that the use of fentanylj fluanisone to induce anaesthesia in neonatal rat pups prior to invasive brain surgery is both safe and consistently effective in inducing surgical anaesthesia. We would, however, recommend subcutaneous injection rather than intraperitoneal delivery, and the reversal of the opioid component of the anaesthetic regimen with nalbuphine at the end of surgery.
Our experiences with an opioidjneuroleptic combination are at odds with that of Danneman and Mandrell who reported a failure to induce sufficiently deep anaesthesia in 90% (9jlO) of their 1-3-day-old rat pups following the intraperitoneal administration of 160Ilgjkg fentanyl and 800 Ilgjkg droperidol. In addition to the higher dose rate used in the present study (300Ilgjkg fentanyl), the route of administration used (s.c. compared to i.p.l may also have resulted in higher peak plasma concentrations of fentanyl, because of a reduction in first-pass liver metabolism (Cerletti et al. 1980) .This effect may not be so marked in neonates, because of a reduced capacity for liver metabolism, and is also at odds with the limited data from the two animals in the present study which died after intraperitoneal injection. This suggests that the i.p. route resulted in higher plasma drug concentrations, perhaps due to more rapid absorption. It is therefore more likely that the variation in effects is related to age and strain differences. The animals in our study were older (7 days compared to 1-3 days), and a different strain (Wistar) than the Sprague-Dawleys used by Danneman and Mandrell. A previous study by Park et al. (1992) in Long Evans rats had found the fentanyljdroperidol combination supplied commercially (Innovarvet) to be a satisfactory anaesthetic at lower doses (6611gjkgfentanyl) than those used by Danneman and Mandrell (1997) .Park et al.
(19921used the subcutaneous route, as in the present study. The results of these studies suggest that, as with other anaesthetic agents, care must be taken when using this combination in different strains or ages of rats IFlecknell1996). It is difficult to make meaningful comparisons of the safety of this technique relative to other methods of anaesthesia, since other authors have only anaesthetized relatively small numbers of animals (10 per group, Danneman and Mandrell), or have not carried out procedures of comparable invasiveness. An overall success rate of 95% seems reasonable, especially since the four deaths may have been related to surgery, rather than anaesthesia.
One drawback to the use of fentanyl/ £luanisone is the high degree of spontaneous movements seen. This was also observed, following the use of fentanyljdroperidol, by Danneman and Mandrell (19971. In our study this did not appear to be related to sudden noises such as dropping a surgical instrument onto a metal instrument tray. In adult animals, fentanyl/£luanisone can be used in combination with a benzodiazepine such as midazolam that prevents the spontaneous movements and also the rigidity induced by the neuroleptanalgesic combination (Flecknell et al. 1984) .However, the addition of a benzodiazepine prolongs anaesthesia, and this effect is likely to be even greater in neonatal animals. This would be undesirable since it would prevent an early return to the dam and so result in a prolonged period without feeding. We would therefore suggest that an alternative anaesthetic regimen 263 would be required to carry out certain procedures requiring high precision such as microinjection or iontophoresis of neural tracers into discrete regions of the brain via a glass micropipette. Kruse MN, de Groat WC (1994) 
